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ABSTRACT
Cloud-based geospatial technologies are rapidly improving the flow of information from
the environment to end-users. Cloud-based photo storage websites were used to create
and manage species and spatial-temporal metadata in a digital photographic inventory of
plant flowering observations collected at Lake Issaqueena, SC from January, 2012 to
December, 2014. Statistical analysis of species and temporal metadata revealed
significant (p < 0.05) inter-annual shifts in flowering time among several species during
and after extreme high monthly temperature in March, 2012 and extreme high monthly
total precipitation in July and August, 2013. An interactive ArcGIS Online map with
sampling locations of flowering plants was developed and published. The interactive
ArcGIS Online map enables web-based knowledge discovery of flowering phenology by
allowing users to filter map contents, view plant pictures, navigate to additional plant
information in the USDA PLANTS Database, and render spatial-temporal flowering
patterns using the heat map view and time settings. The conceptual workflow for
managing, integrating, and mapping plant flowering observations has numerous potential
applications in species monitoring, allowing for higher volume and quality data to be
collected and shared openly. A Cloud-based ESRI Story Map was developed for
teaching Soil Forming Factors: Topography in undergraduate soil science education.
Student evaluation of the ESRI Story Map was positive, and responses indicate students
broadly preferred the ESRI Story Map as a stand-alone teaching module or as
supplemental to PowerPoint slides. Teaching with ESRI Story Maps is very different
than GIS education, and is well suited for fostering critical and spatial thinking because
ii

students do not need to possess prior skills in GIS software, allowing them to spend more
time learning the topic at hand in interactive teaching modules. Teaching with ESRI
Story Maps has enormous potential in soil science and other environmental disciplines,
but more research is needed to develop specific teaching objectives and exercises using
ESRI Story Maps.
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CHAPTER ONE
INTRODUCTION

Cloud-based geospatial technologies are transforming the flow of information
from the field to users in multiple scientific disciplines. These technologies provide
potentially global access to geographic information system (GIS) software and data
through an internet connection. This delivers remote access to advanced data
management and computing capabilities without needing to purchase, maintain, or
replace sophisticated hardware (Buyya et al., 2009). Cloud-based geospatial technologies
enable information sharing and collaborative work environments (Chaowei et al., 2010).
Cloud-based geospatial technologies are increasingly accessible using smart phone and
tablet devices, creating opportunities for integrated collection and storage of new spatialtemporal data in the field. These technologies align with the Open Science Framework,
making methods, data, services, and information available for many more people all
around the world (Tanaka, 2016).
Cloud-based geospatial technologies are increasingly used to meet new demands
in environmental monitoring, with example applications ranging from simple ecological
inventorying to advanced monitoring initiatives. For example, geospatial services in
Google Drive facilitated an integrated workflow for collecting, storing, and mapping soil
inventories (Green et al., 2016). Geospatial tools in cloud-based photo storage services
like Google Photos and Flickr are used for managing spatial and temporal metadata in
digital photographic records of plant flowering observations (Pamplin et al., 2016; Hart et
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al., 2017). Cloud-based photo storage sites with geospatial services are also a potential
source of spatial-temporal environmental data for researchers (Stafford et al., 2010).
Cloud-based geospatial technologies are also increasingly used for advanced
environmental monitoring using sensors. Zheng et al. (2014) used Microsoft Cloud for
managing air quality sensor data from cities of China. Cao-hoang and Duy (2017) used
IBM Bluemix cloud service as a geo-portal for precision agriculture monitoring with in
situ sensors.
Cloud-based geospatial technologies are now evolving to facilitate web-based
knowledge discovery. Applications range in complexity from simple science
communication to advanced statistical analysis of high dimensional spatial-temporal data.
ESRI Story Maps through ArcGIS Online have become popular for publishing and
sharing environmental information; numerous examples can be freely explored through
the ESRI Story Map Gallery (https://storymaps.arcgis.com/en/). Government agencies
are also beginning to publish natural resource inventories for open explanation and
exploration in ESRI Story Maps (USFS, 2017). Google Earth Engine delivers
supercomputing capabilities for analyzing remotely sensed data (Gorelick et al., 2017).
Other researchers are beginning to develop and implement their own open-source Cloudbased applications that use advanced multivariate statistical analyses for event detection
and image classification. Kuhnert et al. (2015) developed a Cloud-based workflow for
transmitting water facility data and detecting water quality anomalies. Patterson et al.
(2016) made openly available a Cloud-based “analytical wheel” for analyzing
hyperspectral aerial data. In both of these applications, principal components analysis
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and multivariate classification are performed within the Cloud-based workflow in order
to rapidly analyze high-dimensional data.
Due to their open accessibility over the internet, Cloud-based geospatial
technologies have enormous potential for environmental education. This potential is only
now being realized, however, and it is unclear from the literature the extent to which
Cloud-based geospatial technologies are being used specifically for environmental
education. Previous examples indicate the promise of web-based GIS for environmental
education using a client-side-server instead of a Cloud-based approach (Ramasundaram
et al., 2005; Patterson and Bickel, 2016). Web-based GIS could be very helpful for
increasing geo-literacy and geo-awareness in classrooms (Kerski, 2015). The National
Research Council (2006) has also indicated a need for advancing spatial thinking in
educational curricula, and recommended increasing access to GIS. Cloud-based
geospatial technologies are already greatly expanding access to GIS, and the quality and
cost of services are vast improvements on client-side-server web-based GIS. The use of
Cloud-based geospatial technologies is an exciting new area for educational research, as
specific teaching applications or methods are yet to be thoroughly explored.
This research demonstrates the use of Cloud-based geospatial technologies for
environmental analysis and education. Chapter two discusses the impact of extreme
weather events on flowering phenology at Lake Issaqueena, SC. The analysis of interannual shifts in flowering time among several species was facilitated by a spatialtemporal digital photographic inventory of monthly flowering occurrences collected from
January, 2012 to December, 2014 (Pamplin et al., 2016; Hart et al., 2017). Cloud-based
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photo storage services, Google Picasa Web Albums and Flickr, were used to annotate
photos with species identification and transform spatial-temporal metadata for mapping
and efficient conversion to spreadsheet format for statistical analysis. This chapter
presents results that have important applications and implications in agro-ecosystems of
the Southeast US region.
Chapter three discusses the development of an integrated spatial-temporal system
for monitoring flowering phenology. A Cloud-based web-map was developed using a set
of monthly digital photographic flowering observations at Lake Issaqueena, SC during
March, April, and May of 2014. This study leveraged multiple Cloud-based geospatial
technologies and services for photo storage, metadata transformation and management,
integration of weather and site-level ecological data (e.g. soil type), and interactive
mapping. This study formulated a conceptual workflow for rapid Cloud-based
knowledge discovery using spatial-temporal in situ monitoring of flowering populations.
Chapter four describes the development and evaluation of a Cloud-based ESRI
Story Map for undergraduate environmental education. Students accessed the story map
module on the internet, and then self-navigated through an interactive lesson in Soil
Forming Factors: Topography. This study is perhaps the first ESRI Story Map to be
developed and student-evaluated for a specific educational objective, thus providing
critical insight and feedback for future development of similar teaching modules in soil
science education.
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CHAPTER TWO
IMPACT OF EXTREME SPRING TEMPERATURE AND SUMMER
PRECIPITATION EVENTS ON FLOWERING PHENOLOGY IN A THREE
YEAR STUDY OF THE SHORES OF LAKE ISSAQUEENA

This chapter is based on:
Michael P. Cope, Elena A. Mikhailova, Christopher J. Post, Mark A. Schlautman, Patrick
D. McMillan, Julia L. Sharp & Patrick D. Gerard (2017): Impact of extreme spring
temperature and summer precipitation events on flowering phenology in a three-year
study of the shores of Lake Issaqueena, South Carolina, Écoscience, DOI:
10.1080/11956860.2017.1346448.

Abstract
This study aimed to investigate the effects of extreme weather events on
flowering around Lake Issaqueena (SC, USA) using plant-flowering data collected with
Global Positioning System (GPS)-enabled cameras on a monthly basis in 2012, 2013, and
2014. Six species were identified that flowered before and after a late spring test date (30
April) in at least one study year. Sign tests of the consistency of positive or negative
differences in the percentages of test species flowering before the late spring test date
between years indicated that these test species shifted towards earlier flowering in 2012
(extreme high monthly temperature), but that the consistency of these shifts was only
significant when comparing 2012 to 2013. Nine species were identified that flowered
before and after a late summer test date (31 August) in at least one study year. Sign tests
of the consistency of positive or negative differences in the percentages of test species
flowering before the late summer test date between years indicate that these test species
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shifted towards later flowering in 2013 after two consecutive months of extreme high
precipitation in July and August. Warmer spring temperatures can advance flowering,
and extreme summer precipitation events can delay flowering.

Keywords: Climate change; Geographic Information Systems (GIS); lake; plant;
southeast; South Carolina
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Introduction

Flowering phenology is a cyclic natural occurrence with far-reaching implications
in natural and agricultural ecosystems. Physiologically, plants in temperate and arctic
climates require metabolic, developmental, and genetic changes before flowering can be
induced (Wilczek et al. 2010). These changes are cued by seasonal changes in
temperature, precipitation, and photoperiod, the timing of which can have significant
effects on the success of pollination and fruit-set (Natali et al. 2013). In natural
ecosystems, changes in flowering phenology have been shown to have cascading effects
on invertebrate and vertebrate species (Butt et al. 2015), while similar changes have been
shown to reduce crop yields in agricultural settings (Crauford and Wheeler 2009). Natali
et al. (2013) reported that the heat wave of 2003 (Tuscany, Italy) influenced the
phenology of the main pollen families in different ways. Many authors have investigated
changes in flowering time at annual or decadal scales in relation to climate warming, but
recent research has raised the question of responses to the sudden onset of extreme
weather (Craufurd and Wheeler 2009).
Though an imprecise term in the scientific community, extreme weather, such as
flooding or abnormal seasonal temperatures, can be viewed in the context of a
disturbance to ‘normal’ ecological processes and temporal rhythms. For example, Jentsch
et al. (2009) simulated 100-year extreme drought events in a grassland community, and
concluded that these events did have significant effects on intra-annual flowering time
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and duration. At the same location, Nagy et al. (2013) found similar results for two dwarf
shrub species. Siegmund et al. (2016) recently employed a new coincidence analysis
technique to reveal that temperatures in the 10th and 90th percentiles from 1950–2010
coincide with very late or early spring flowering, respectively, in four shrub species in
Germany. All of the mentioned studies note ambiguity in responses to heavy rainfall, and
that much remains unknown on the subject.
Extreme weather events are of great importance to land managers and ecosystems
across the southeastern US. The Southeast Climate Consortium reports a marked increase
in the frequency of extreme weather patterns over the past 50 years (Ingram et al. 2013).
This increased variation can largely be explained by annual and decadal shifts in the
position and strength of the North Atlantic subtropical high pressure system, which
mediates the region’s exposure to both prolonged clear and sunny (drought) weather and
tropical low pressure systems that carry significant moisture (heavy rainfall). The
organization expects this trend to continue, thus increasing the vulnerability of natural
and agricultural ecosystems in the region.
Coinciding with new interest in the impact of extreme weather on flowering
phenology are new methods of data collection. These methods are primarily concerned
with geo-referencing of observations, thus improving data quality and quantity. For
example, Rojo and Perez-Badia (2015) constructed a geostatistical model of olive tree
flowering phenology in Spain. Although they conclude that the models are acceptable,
they note the necessity of collecting even larger datasets for spatiotemporal analysis.
Previous studies by Hart et al. (2017) and Pamplin et al. (2016) used a Global Positioning
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System (GPS)-enabled camera to collect a dataset of flowering observations in the
Clemson Experimental Forest during 2012, 2013, and 2014. During this period, the
following extreme weather events were observed: (1) extreme high monthly temperatures
in 2012; and (2) extreme precipitation events in July and August 2013. Extreme weather
events may have the same impact on phenological shifts as a decade of gradual warming
(Jentsch et al. 2009), so it is critical that methods are developed to not only correlate
changing climate with responses over tens or hundreds of years, but to identify the impact
of more frequent extreme temperature and rainfall events (Ingram et al. 2013) on a much
shorter timescale. There is an urgent need to understand the potential impact of extreme
events on plant phenology by statistically comparing inter-annual shifts in flowering.
The objective of this study was to investigate the effects of extreme weather
events on flowering phenology around Lake Issaqueena, SC, USA using a plant
flowering database collected with a GPS-enabled camera on a monthly basis in 2012,
2013, and 2014.
Materials and Methods
Study area
Lake Issaqueena (Fig. 1) is a 47 ha, man-made lake within the Clemson
Experimental Forest built in 1934 by the Works Progress Administration. The forest is
located in the foothills region of the Carolina Piedmont, just south of the southern extent
of the Appalachian Mountain range. The climate is humid subtropical, and the forest is a
mix of evergreen and temperate deciduous stands.
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Weather data
Weather data was obtained from U.S. National Oceanic and Atmospheric
Administration Climate Data Online – Monthly Data, Site 381,770, Clemson University,
SC (Table 1). Extreme monthly weather events were defined as any mean monthly
temperature or total monthly precipitation that exceeded two standard deviations from the
respective 50 year monthly normal (Ewald et al. 2015).

Flowering and spatial data acquisition
A GPS-enabled digital camera (Casio EX-H20G) was used to collect a spatially
and temporally referenced inventory of observations along the Issaqueena hiking trail that
follows the lake edge on a monthly basis from January 2012 through December 2014. In
each survey, photos were taken of all actively flowering plants that could be safely
accessed along the trail and lake edge. The camera uses a hybrid GPS system that enables
autonomous tracking of movement when satellites signals are not present. This improves
the camera’s GPS performance in covered environments, such as under a forest canopy.
This camera has an expected location accuracy of ±10 m (Kamada et al. 2013). The
camera automatically stamps spatial and temporal metadata into each photo’s digital file
in Exchangeable Image File (Exif) format. The GPS coordinates are recorded as degrees:
minutes: seconds using a geographic coordinate system (GCS) based on the 1984 World
Geodetic System (WGS) datum. A cloud-based workflow (Cope et al. 2017) was used for
storing and labelling photos with species identification, simplifying spatial metadata in
photos, and transforming monthly photo albums into spatial point map layers. Each
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resulting point represents one plant that was observed flowering in the month of
observation. Plants that could not be identified were excluded from all analyses.

Spatial analysis
A 3 m LiDAR-derived digital elevation model of Pickens County, SC was used in
ArcGIS 10.4 (ESRI, 2016) to make a ‘true’ line of Lake Issaqueena’s boundary by
creating a new shapefile from a trace of the lake edge. The Buffer tool was used to create
a 10 m buffer polygon around the inside of the lake edge, and around the outside
boundary of the study area. Using the Snapping toolbox, all points within these buffer
polygons were moved to the nearest edge of the study area. The location of any points
originally within the study area were assumed to be correct, while any points that
were further than 10 m from the study area were removed from the analysis. A soils layer
from Soil Survey Geographic Database (SSURGO) was retrieved from the Natural
Resources Conservation Service (NRCS). This layer, due to data age and delineation
methods, does not align perfectly with the lake boundary; snapping methods were used to
move all points within the soil layer’s lake polygon to the nearest edge of the nearest soil
map-unit. The Spatial Join tool was then used to join the soil series name where each
point was located with other point attributes. Distributions of flowering counts across soil
types in 2013 and 2014 were consistent with 2012 results, with the vast majority (>99%)
of flowering plants located on Pacolet fine sandy loam or Madison sandy loam soil types.
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Statistical analysis
The temporal flowering distribution of a given species can be conceptualized as a
normal distribution, with beginning, peak, and end dates that are subject to temporal
shifts in response to environmental changes. Inter-annual shifts in peak flowering can be
detected by selecting an arbitrary date for all study years, determining the percentage of a
selected species that flowered before and after the selected date in each year, and then
calculating differences in the percentages of the selected species that flowered before and
after the selected date between years. A Sign test (Conover, 1999) of positive or negative
differences between years for the percentage of each species flowering before and after
the selected date will determine if any differences are sufficiently consistent among
species to be considered a non-random occurrence.
In the current study, inter-annual shifts in peak flowering were detected by
selecting a late spring test date (30 April) to determine if there were any shifts that may
have occurred jointly with extreme high monthly temperatures in March 2012 and a late
summer test date (31 August), to detect shifts that may have occurred jointly with
extreme high monthly total precipitation in July and August 2013. Two separate samples
of test species, one for each test date, were then drawn from the data, which could be
used to detect inter-annual shifts in peak flowering before or after the selected test dates.
For each test, a species must have flowered both before and after the test date in at least
one study year in order to be included in the sample. Pairwise Sign tests of the
consistency of positive or negative differences in the percentage of each species
flowering before and after the test dates between study years for each sample were then
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conducted, as described above, using JMP data analysis software (JMP Pro v. 12, 1989–
2007). Only the Sign test results of flowering before the test dates are reported, as a Sign
test of the percentages of species flowering after the test date is simply an equal and
opposite test of the percentages of each species flowering before the test date.

Results and Discussion

Extreme spring temperatures and flowering
Six species were identified that flowered before and after the late spring test date
(30 April) in at least one study year (Table 2). On average, 61%, 44%, and 38% of each
species flowered before the late spring test date in 2012, 2013, and 2014, respectively.
This indicates that, on average, the peak flowering date of these species occurred before
the late spring test date in 2012, and after the late spring test date in 2013 and 2014. A
Sign test (M = −3.00, p = 0.0313) of the consistency of positive or negative differences
between the percentage of each test species flowering before the late spring test date in
2012 and 2013 indicates a very low probability that the shift towards flowering after the
late spring test date in 2013 was due to random chance when comparing these years. A
Sign test (M = −2.00, p = 0.2188) of the consistency of positive or negative differences
between the percentage of each test species flowering before the late spring test date in
2012 and 2014 indicates that, although a shift towards flowering after the late spring test
date appears to have occurred in 2014 when compared to 2012, any observed shifts
cannot currently be attributed to something other than random chance. A Sign test (M =
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0.00, p = 1.00) of the consistency of positive or negative differences between the
percentage of each test species flowering before the late spring test date in 2013 and 2014
indicates no consistent shift towards flowering before or after the late spring test date
when comparing these years. Collectively, these results indicate that these test species
shifted towards earlier flowering in 2012 when compared to 2013 and 2014, but that the
consistency of these shifts was only significant when comparing 2012 to 2013.
Earlier first flowering dates in response to warming spring temperatures have
been demonstrated in numerous experimental and observational studies (Miller-Rushing
and Primack 2008; Amano et al. 2010), a trend that has also been observed for middle
and peak flowering dates (Nagy et al. 2013; Whittington et al. 2015). The results of the
current study support the notion that an extreme high average monthly temperature in
March of 2012 led more individuals of the spring test species to flower before the late
spring test date in 2012. This implies that nectar resources may be more abundant earlier
in the growing season when spring temperatures cross a threshold above historical
averages, an important consideration for apicultural and agricultural professionals in the
region. More knowledge is needed on the phenology of spring and early summer
flowering species at this site and in the region; however, divergent responses in these
groups of species have been observed with differing temperature regimes in the preceding
fall and winter months in temperate climates (Cook et al. 2012).
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Extreme summer precipitation and flowering
Nine species were identified that flowered before and after the late summer test
date (31 August) in at least one study year (Table 3). On average, 84%, 58%, and 81% of
each species flowered before the late summer test date in 2012, 2013, and 2014,
respectively. This indicates that, on average, peak flowering in these species occurred
well before the late summer test date in 2012 and 2014, and peak flowering fell much
closer to the late summer test date in 2013. A Sign test (M = −3.5, p = 0.0391) of the
consistency of positive or negative differences between the percentage of each test
species flowering before the late summer test date in 2012 and 2013 indicates a very low
probability that the shift towards flowering after the late summer test date in 2013 was
due to random chance when comparing these years. A Sign test (M = −1.5, p = 0.5078) of
the consistency of positive or negative differences between the percentage of each test
species flowering before the late summer test date in 2012 and 2014 indicates no
consistent shift towards flowering before or after the late summer test date when
comparing these years. A Sign test (M = 4.5, p = 0.0039) of the consistency of positive or
negative differences between the percentage of each test species flowering before the late
summer test date in 2013 and 2014 indicates a very low probability that the shift back
towards flowering well before the late spring test date in 2014 was due to random chance
when comparing these years. Collectively, these results indicate that these test species
shifted toward flowering on or shortly before the late summer test date in conjunction
with extreme precipitation in July and August 2013.
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Nagy et al. (2013), Siegmund et al. (2016), and Jentsch et al. (2009) report mixed
effects of heavy rainfall or extreme precipitation patterns on flowering phenology.
Siegmund et al. (2016) did report that the midflowering dates of most species
used in that study were delayed after heavy rainfall. This is consistent with the results of
the current study, which offer a strong indication that extreme precipitation could have
disrupted the normal flowering distribution of the summer test species in the summer of
2013. It is difficult to make a direct comparison, however, as the extreme high monthly
precipitation observed for this study in July 2013 exceeded four standard deviations
above the 50-year average. This was followed in August 2013 by a total monthly
precipitation almost three standard deviations above the 50- year average. It is also
important to note that all species used for this test are herbaceous perennials that may
have been subjected to higher levels of prolonged mechanical stress from the weight of
rainwater during extreme precipitation, leading plants to divert energy towards repairing
plant structures, and thus a delay in flowering. Therefore, it is clear these results warrant
more investigation on the impacts of extreme precipitation on flowering phenology.

Conclusions

This study investigated the effects of extreme weather on flowering phenology
around Lake Issaqueena, SC USA, using a plant-flowering database collected with a
GPS-enabled camera on a monthly basis in 2012, 2013, and 2014. Six species were
identified that flowered before and after a late spring test date (30 April) in at least one

19

study year. Results of Sign tests of the consistency of positive or negative differences
between years of percentages of test species flowering before the late spring test date
indicate that these test species shifted towards earlier flowering in 2012 (extreme high
monthly temperature) when compared to 2013 and 2014, but that the consistency of these
shifts was only significant when comparing 2012 to 2013. Nine species were identified
that flowered before and after a late summer test date (31 August) in at least one study
year. Results of Sign tests of the consistency of positive or negative differences between
years of percentages of test species flowering before the late summer test date indicate
that these test species shifted towards later flowering in 2013 after two consecutive
months of extreme high precipitation in July and August 2013. Analysis of flowering
phenology during extreme weather events indicates that warmer spring temperatures can
advance flowering, and extreme summer precipitation events can delay flowering.
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Table 1. Monthly total precipitation (cm) and mean monthly temperature (°C) for 2012, 2013, 2014, and 50-year normal.

2012

Month
January
February
March
April
May
June
July
August
September
October
November
December
Total Precip:

Mean temp.
(°C)
8
10
17*
18
23
24
28
25
23
17
10
10

2013
Precip.
(cm)

Mean temp.
(°C)

12
6
8
7
13
14
11
22
6
9
2
14

9
7
8
16
19
25
25
24
23
17
10
8

125

2014
Precip.
(cm)
20
11
12
12
13
16
48**
30**
7
5
10
20

205**

Mean temp.
(°C)

Precip.
(cm)

2
8
9
17
21
25
25
25
23
17
9
9

10
7
10
15
12
8
8
16
9
9
10
10

5 (2.4)
7 (1.7)
11 (1.9)
16 (1.4)
20 (1.3)
24 (1.2)
26 (1.2)
25 (1.2)
22 (1.2)
16 (1.6)
11 (1.6)
7 (2.2)

123

Mean temp.:
18
16
16
*Extreme high mean monthly temperature; **extreme high total precipitation.
Source: NOAA Climate Data Online – Monthly Data, Site 381,770, Clemson University, SC.
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50-year normal (standard
deviation)*
Mean temp.
Precip.
(°C)
(cm)
13 (5.3)
11 (4.9)
14 (6.8)
10 (6.0)
10 (4.9)
10 (5.1)
12 (8.9)
12 (7.0)
10 (5.4)
10 (5.5)
10 (4.6)
12 (5.3)
134 (25.5)
16 (7.5)

Table 2. Percentages of spring flowering species that flowered before the late-spring test
date (30 April) in 2012, 2013, and 2014, and pairwise sign tests of consistency of positive
or negative differences between study years.
Selected flowering
species

2012
2013
+/2012
2014
+/2013
2014
+/(%)
(%)
(%)
(%)
(%)
(%)
--------------------------------------------------- % ---------------------------------------------------

Chrysogonum
virginianum (L.)
Hypoxis hirsuta (L.)
Coville
Phlox Carolina (L.)
Silene virginica (L.)
Sisyrinchium
angustifolium Mill.
Hieracium venosum (L.)

96.7

64.1

-

96.7

97.9

+

64.1

97.9

+

34.6

12.1

-

34.6

17.9

-

12.2

17.9

+

100
65.8
77.4

47.1
52.7
75.2

-

100
65.8
77.4

60
18.2
33.3

-

47.1
52.7
75.2

60
18.2
33.3

+
-

59.4

17.8

-

59.4

0

-

17.8

0

-

Test Stat
P-value

-3
0.0313

26

-2
0.2188

0
1

Table 3. Percentages of late summer flowering species that flowered before the latesummer test date (31 August) in 2012, 2013, and 2014, and pairwise sign tests of
consistency of positive or negative differences between study years.
Selected flowering
species

2012
2013
+/2012
2014
+/2013
2014
+/(%)
(%)
(%)
(%)
(%)
(%)
-------------------------------------------------% -----------------------------------------------------

Aureolaria virginica (L.)
Pennell
Elephantopus tomentosus
(L.)
Euphorbia corollata (L.)
Hieracium venosum (L.)
Lobelia cardinalis (L.)
Lobelia spicata Lam.
Rudbeckia hirta (L.)
Silene stellate (L.) W.T.
Aiton
Verbesina virginica (L.)

100

71.1

-

100

85.4

-

71.1

85.4

+

100

86.0

-

100

94.3

-

86.0

94.3

+

84.4
24.6
77.8
100
96.4
97.0

70
72.9
0
50
82.5
39.4

+
-

84.4
24.6
77.8
100
96.4
97.0

87.4
100
16.7
81.8
96.3
82.6

+
+
-

70
72.9
0
50
82.5
39.4

87.4
100
16.7
81.8
96.3
82.6

+
+
+
+
+
+

80

58.3

-

80

82.4

+

58.3

82.4

+

Test Stat
P-value

-3.5
0.0391

27

-1.5
0.5078

4.5
0.0039

a.

b.

Figure 1. Flowering occurrences around Lake Issaqueena, SC for 2012, 2013, and 2014:
(a) spring flowering species; (b) late summer flowering species.
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CHAPTER THREE
DEVELOPING AN INTEGRATED CLOUD-BASED SPATIAL-TEMPORAL
SYSTEM FOR MONITORING PHENOLOGY

This chapter is based on:
Cope M, Mikhailova E, Post C, Schlautman M, McMillan P. 2017. Developing an
integrated cloud-based spatial-temporal system for monitoring phenology. Ecol. Inform.
39:123–129.

Abstract
Geospatial cloud computing offers computing infrastructure, software and data services
that enable rapid integration of ecological data from various resources. The objectives of
this study were to utilize readily available and low-cost technology (e.g., GPS–enabled
cameras, Cloud photo storage, Google Drive) to create a cloud-based spatial-temporal
inventory of plant (including flowering phenology) and other relevant information. An
interactive ArcGIS Online Map of Lake Issaqueena, SC with sampling locations of
flowering plants allows users to obtain additional information (plant, soil, weather data)
by selecting sampling locations or soil polygons. The contents of the map can be filtered
using any of the attributes (e.g., growth form) in the data tables by selecting specific
information. Plant information can be viewed at custom time intervals using the settings
in ArcGIS Online. Spatial patterns (e.g., clustering) in the plant data can be viewed using
the ArcGIS Online heat map view. The map can be easily queried and viewed on both
computers and hand-held devices. Services from multiple cloud infrastructures can be
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integrated for use by various species monitoring programs, improving workflow and
assessment capabilities.

Keywords: Flickr; Geospatial cloud computing; Google Drive; Species monitoring; Data
integration; Geo-visualization; Web-mapping
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Introduction

The evolution of informatics and cyberinfrastructures is rapidly transforming how
professionals and researchers approach ecological questions and applications (Chaowei et
al., 2010). For example, a wealth of geographic data and open source web-mapping
services are increasingly being used to support scientific research, decision-making and
education in numerous disciplines (Hamilton et al., 2016). Current research indicates a
transition to geospatial cloud computing, which offers computing infrastructure, software
and data as services that are accessible over an internet connection without needing to
purchase or maintain in-house servers (Buyya et al., 2009; Chaowei et al., 2011). These
services are now widely available, allowing for rapid integration of data from various
resources in interactive map interfaces for use on a range of computing devices (Zastrow,
2015). Additionally, these technologies are being used to create virtual learning
environments that are being implemented in various science education curriculums
(Muñoz-Cristóbal et al., 2015).
Several studies have described and demonstrated the potential of web-based
geographic information systems (GIS) to share and explore ecological data using a client
server approach where the application and data are hosted on a central server. For
example, Janicki et al. (2016) demonstrated the use of large-volume data to create
Antmaps.org, an open-source, interactive web-map made from the Global Ant
Biodiversity Informatics database. Based on the larger MOL: Map of Life (2016)
application, the site hosts a global map of ant species distributions with toggle views for
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species diversity, species ranges and regional comparisons. Auer et al. (2011) similarly
developed a client-server interface designed for exploring distribution ranges of plant
species throughout California. Bricker et al. (2016) used the Aquaculture Mapping Atlas
(http://seagrant.uconn.edu/whatwedo/aquaculture/shellmap.php) to integrate a resource
management model that informs site selection for marine aquaculture in Connecticut.
Additionally, several plant species monitoring programs, such as Project Budburst
(http://budburst.org/) and the USA National Phenology Network
(https://www.usanpn.org/), and plant informational databases such as the USDA Plants
Database (USDA, NRCS, 2013), offer basic interactive mapping interfaces online for
exploring or retrieving data. Although these are examples of web-based mapping and
applications, the primary disadvantages of the client-server approach are the long term
expenses of purchasing and maintaining central servers and the information technology
experience needed to make the applications.
Cloud services that offer geospatial computing are making the customized use of
web-based GIS capabilities instantly and widely available by providing
cyberinfrastructures for storing, managing and sharing user-generated spatial data. For
example, Green et al. (2016) employed novel methods in Google Drive to map an urban
tree and soil inventory for the city of Clemson, SC. The U.S. Forest Service developed
interactive Story Maps in the cloud-based ArcGIS Online, with one example being a
virtual tour of fall tree phenology in the mainland U.S. (USFS, 2017). Similar Story Maps
have been published for exploring old growth forests in southwest Oregon (ILCP, 2017),
the Adirondack Mountains (The Nature Conservancy, 2017) and sensitive wetland areas
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in Florida (FDEP, 2017). With the collaborative abilities and instant availability of
geospatial cloud computing applications, similar cloud-based techniques will be
increasingly used for applications in ecological monitoring, inventorying and information
sharing.
Geospatial cloud computing can be utilized for ecological monitoring, inventory
and assessment efforts, and studies of flowering phenology have identified the need for
new methods of collecting and transmitting large amounts of phenological data with
spatial and temporal referencing (Ide and Oguma, 2010; Primack and Miller- Rushing,
2009). One of the challenges is the capture and management of numerous field
observations. Pamplin et al. (2016) and Hart et al. (2017) demonstrated the use of cloudbased methods for capturing large numbers of in situ flowering observations at Lake
Issaqueena, SC using a GPS-enabled camera and a cloud-based photo service (Google
Picasa) for photo storage, annotation and transformation of spatial metadata. However,
these studies only demonstrated an organization method but not a system that could be
used for web-based visualization and analysis.
Current geospatial cloud computing services are somewhat limited for ecological
applications because it is often necessary to link multiple services. For example, Qing et
al. (2013) described concepts of “multiclouds integration” for leveraging services
distributed among multiple cloud infrastructures for the creation of new, efficient
business process workflows. With the current, publically available services, it is often
necessary to manually integrate, or simply migrate and link data between, multiple
infrastructures to leverage available services.
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The present study develops an integrated, cloud-based spatialtemporal system and
demonstrates the use of multiple cloud services for the collection and assessment of the
spring flowering plant locations at Lake Issaqueena, SC, using a subset (2014) of the
original georeferenced photos collected by Pamplin et al. (2016) and Hart et al. (2017).
Specifically, the objectives of this study were to: 1) demonstrate the applicability of low
cost technology, such as GPS–enabled cameras and cloud photo storage, to create a
photographic, spatially and temporally referenced inventory of plants; 2) use open source
cloud data management platforms to integrate field level location data and photographs
with links and information from the PLANTS Database (USDA, NRCS, 2013) and
SSURGO databases (Soil Survey Staff, Natural Resources Conservation Service, United
States Department of Agriculture, 2016a, 2016b); and 3) use ArcGIS Online (ESRI,
2013: Redlands, CA version 5.1) to create an interactive, cloud-based map that can be
shared and explored on any computer or smart device connected to the internet.

Materials and Methods

Study area and phenological monitoring
The Clemson Experimental Forest was established in 1934, and there are
currently 17,500 acres dedicated to long-term conservation and research. The forest is
located in the foothill region between the Blue Ridge Mountains and the South Carolina
Piedmont. Monthly phenological surveys were conducted in 2012, 2013, and 2014 by
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Pamplin et al. (2016) and Hart et al. (2017). A GPS-enabled Casio EXH20G digital
camera was used to photograph plants along the Issaqueena trail which generally follows
the edge of the lake. All actively flowering plants that could be sighted and reasonably
accessed from the trail were photographed, and GPS coordinates recorded by the camera
in Exchangeable Image File (Exif) format with a geographic coordinate system using the
World Geodetic System 1984 Datum. This GPS-enabled camera is expected to have a
location accuracy of ± 10 m (Kamada et al., 2013). The present study uses selected data
from the March, April and May surveys of 2014 (from a three-year study) as an example
to demonstrate the approach for a cloud-based spatialtemporal inventory for phenological
monitoring and visualization. Data sources and tools are listed in Table 1. Original
attribute data headings from the sources listed (Table 1) were used to create the database
and web map.

Cloud photo storage and annotation
A conceptual diagram of the steps used in this study is shown in Fig. 1.
Photographs of plants were uploaded to Flickr.com. For the present study, all account
privacy settings, including geo-privacy, were set to “public” which allows the pictures
and their location to be viewable by anyone. Each plant was identified using the USDA
PLANTS Database, previously identified data, and expert knowledge. This identification
was recorded in the title of each picture after the original picture ID. The syntax of the
picture and species identification in the title was arranged as follows: PhotoID Family
Genus Species Common name. It should be noted that spaces may not be ideal delimiters
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in all situations, but the commands used in later steps of the present study are easily
configured to use spaces as delimiters.

Geodatabase construction and formatting
After photo annotation, the spatial, temporal and identification metadata are first
converted from Exif to Keyhole Markup Language (KML) (Google Inc., 2017). The
metadata include photo date, time and location as latitude/longitude coordinate pairs. The
conversion to KML enables picture viewing in a map interface via a uniform resource
locator link (URL) to the picture's webpage, but KML is not always functional across
different mapping platforms. Therefore, several steps were taken to simplify the data's
structure while maintaining each picture's unique URL. A free online conversion tool
(http://www2.adamfranco.com/photosetToKML.php) was used to convert photo Exif
information to KML. The KML files were individually uploaded to Google Drive,
opened in Fusion Tables, and then converted to comma separated value file (CSV) and
opened in Google Sheets (Fig. 2). Each picture's URL (in KML format) was transformed
to a unique link to the picture's source web page.

Customized data integration
One primary advantage of interactive web maps is the ability to filter or query
contents of a map to facilitate knowledge discovery concerning species' distributions,
traits or habitat selection. In many cases, species traits are available in public databases,
while some habitat information can be derived from publicly available spatial data layers
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using simple spatial analyses. To demonstrate how this information can be integrated into
the web-map, two plant traits were selected, in addition to a range of local and site-level
environmental variables (Table 2) that could affect spatial and temporal patterns of plant
distributions. Plant traits for each species were retrieved from the USDA PLANTS
Database, and weather data for each month were downloaded from NOAA's Global
Historical Climatology Network Daily Database (Clemson, SC station, US1SCPC0017)
(Menne et al., 2012). This information was entered into a species list derived from each
observation period.
Data sheets with plant trait information and weather data were converted to new
Fusion Tables which were then joined with the geodatabase using the merge operation.
This resulted in each picture in the geodatabase receiving new attributes based on the
species identification. The integrated Fusion Table was subsequently converted to a CSV
geodatabase containing plant identification and selected trait information, USDA web
links, PhotoID, GPS coordinates and URLs that allow public viewing of the pictures (Fig.
2).
The integrated CSV file was uploaded to ArcGIS Online. A shapefile (.shp) of
soil map units in the Issaqueena area was uploaded from the NRCS. The overlay
operation was used to intersect the plant points and soils layer, attributing points with
their respective soil map unit. Because the soils data layers do not contain tabular soil
property data, the intersected geodatabase was migrated back to Google Drive as a CSV
file. A table of properties for each soil map unit was compiled manually in Google Sheets
using information from official soil series descriptions. Similar to the process of plant
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species attributes, Fusion Tables were used to join each plant point in the geodatabase
with reported SSURGO soil property attributes.

Formatting floral observation data in ArcGIS Online
The final integrated Fusion Tables were downloaded as CSV files, and uploaded
into one web-map on ArcGIS Online. All points were assigned a color unique to the
observation month, and soils map units were also displayed (Fig. 3). The Configure Popup interface was used to organize the integrated data for each point in a click-to-view
pop-up in the map interface. ArcGIS Online provides a unique webpage to display usergenerated information for each map or layer. This page was used to host summary
information about the map, including a key to pop-up attribute tables.

Results and Discussion

The evolving landscape of cloud photo storage
A digital photographic inventory of flowering observations was compiled from
the subset of original georeferenced photos. Annotating photos with species identification
was the most time-consuming step in this study, aside from collection of data in the field.
The photo editing interfaces of Flickr and other cloud photo storage services can expedite
the process. The stage of editing individual photos is also critical for data screening and
overall organization of data into desired domains, as this information must be
successfully integrated with spatial and temporal information for each photo. Photo
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albums are easily shared over the internet with collaborators, who can be selectively
granted editor permissions and provide expert species identification when it is necessary.
Collectively, cloud photo storage services can be ideal for efficient annotation and enable
web-based peer review or collaboration for data cleaning and organization.
Based on the experience of the present study, however, cloud photo storage
services are constantly evolving to meet new demands and improve user experience. This
can often mean key operations or capabilities will be lost in new versions, or some
services may be removed altogether. For example, the data used for this study were
previously hosted in Google's Picasa Web Albums. In early 2016, Google announced it
was retiring Picasa Web Albums and migrating all user photos to the new Google Photos
(Sabharwal, 2016). Although Exif metadata for each photo were preserved during the
transition, the critical function of exporting an album to a KML file is not offered;
Google has recently restored this capability by linking Google Photos to Google My
Maps, but the workflow and convenience aspects of the new services are very different
from that used in the present study. Although the methods here transform the spatial,
temporal and attribute data into a format that can be saved and used indefinitely, URLs
used to display pictures in the map interface may become outdated or broken if a host site
drastically changes or drops services. Therefore, cloud photo storage services currently
can be relied on only as middleware for the convenience of interactive photo annotation,
organization, collaborative data screening, and metadata transformation, whereas local
copies of the original pictures and all metadata should be used for longterm storage. As
cloud photo storage platforms continue to evolve, unlimited photo storage is increasingly
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offered as a basic service. This, in addition to continued customer demand for KML
conversion capabilities, is promising for future work using georeferenced photos.

Open-source geospatial cloud computing
Google Drive is an accessible platform for building geodatabases or integrating
information from georeferenced photos, because Google already has a substantial
infrastructure that employs a common language, KML, for spatial data across different
applications. For example, the Fusion Tables application is specifically designed to easily
transform spatial data to and from KML or CSV format. This application can also be used
for information integration or editing in more geometrically complex spatial data (e.g.
lines or polygons). Google Sheets is a cloud-based spreadsheet application, and there is
no specific functionality offered that requires it be used in place of any other similar
application. Google typically has an extensive library of documentation and user forums
to support the applications.

Filtering, querying, and geo-visualization in the cloud
ArcGIS Online was used to publish and host the web map for this study. It was
configured in the map viewer and published as a publicly accessible web-map
(http://arcg.is/189vLP). Fig. 3 depicts the map as it is initially presented to a user. The
points in each monthly survey are represented by different colors, but these and other
map styles can also be changed. Each layer can be turned on or off, and various base map
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layers (e.g., topography) are readily interchangeable. Data for each point are provided ondemand in a pop-up window by clicking on a point. Any or all attributes can be
configured to display in the pop-up window, which was also used to display each original
picture of the field observation via an URL to the picture hosted on Flickr (Fig. 4). In the
present study, the web-map can only be edited by the author, but other studies may
warrant selectively allowing others to edit the map or data sheets. Finally, if a user
changes base map layers or map styles, this does not edit the map. The map is always
presented with the initial/ default configuration shown in Fig. 3 for new or returning
users.
The map also contains two interfaces to facilitate exploration of the floral
observation data. First, any attribute can be used to filter the map's data and multiple or
custom queries can be built. This enables a user to filter the map contents by plant family,
species, traits, soil map units or custom combinations of these attributes. Secondly,
temporal components of the data can be explored using the time settings interface. For
example, monthly surveys were compiled into a single layer and then the layer's time
settings were enabled. The Time Settings interface was used to display data aggregated
within each monthly observation period (Fig. 5). This feature can also be used to animate
the data in a time-lapse series. Each frame can be used to visualize data unique to an
observation period of interest, or data can be accumulated in each frame over a userselected time period. Playback controls in the map interface include play, pause, and
frame-by-frame viewing. The heat map option was used to display spatial patterns in the
data (Fig. 6) based on a point density algorithm that is useful for rendering the
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spatial distribution or of floral observations. Collectively, the time settings could be used,
for example, to rapidly assess flowering patterns before and after sudden or unusual
fluctuations (e.g. spring freeze).

Potential applications
Remote sensing and ground-level location tagging are important in ecological
monitoring, especially for monitoring flowering phenology. Cloud-based techniques used
in this study can be readily adapted to different spatial data geometries (e.g., point, line,
polygon) to accommodate different monitoring or inventorying strategies. For example,
the U.S. Forestry Service's Forest Inventory and Analysis protocol utilizes four subplots
for vegetation sampling within a 7.3-meter circle. The center of the circle is the
geographic location of the collective monitoring point, with other monitoring points
evenly distributed over a given area of observation (Manley et al., 2006). The Bureau of
Land Management details several types of standard sampling units for vegetation
sampling, including quadrats, transect lines, and points or point quadrats (Elzinga et al.,
1998). In these cases, observations could be easily aggregated to the collective
monitoring point, transect line or a previously delineated polygon boundary rather than
using individual observation points as described in the present study.

Limitations of the present study
Photography of plants for the scientific record is a complicated problem (Baskauf
and Kirchoff, 2008). Using cloud photo storage services (e.g., Flicker) may not be
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appropriate for such uses because of security, privacy and accreditation concerns
(Rubóczki and Rajnai, 2015). Over time, maintenance likely will be required as cloudbased programs change and new products become available. Limits on the number of
photos that can be stored in Flickr may also be a limiting factor for large studies. ArcGIS
Online also has limits on the amount of data that can be hosted in a web-map for free, but
data limits and analysis capabilities can be scaled up on a “pay-as-you-go” basis. Finally,
all techniques and tools used in this study are dependent on the speed, availability and
reliability of the user's internet connection.

Conclusions

Cloud-based resources used in the present study can be leveraged by numerous
species observation networks for producing digital inventories, spatial data analyses and
collaboration across domains of expertise. For example, photos of the actual observation
of flowering plants in this study provide a site-level digital inventory of phenological
monitoring efforts. Mapping the photos allows one to filter the contents of the map by
species and their attributes, and the spatial-temporal flowering patterns of the species can
be effectively visualized using a heat map tool for point pattern analysis. While it is
possible to develop similar applications by self-hosting open-source software, this
requires significant financial and time commitments. None of the techniques used in the
present study require advanced knowledge of GIS or application programming interfaces.
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The cloud infrastructure allows the map and all of its information to be shared and
interacted with on nearly any device connected to the internet.
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Table 1. Data sources and tools.
Data/Tools
Source
Soil maps and data
Web Soil Survey (http://websoilsurvey.sc.egov.usda.gov/)
Soil series descriptions USDA (https://soilseries.sc.egov.usda.gov/osdname.asp)
Weather data
NOAA (https://www.ncdc.noaa.gov/cdo-web/)
Plant information
USDA PLANTS Database (http://plants.usda.gov/java/)
Cloud photo storage
Flickr (http://www.flickr.com)
Google Drive
(https://support.google.com/drive/answer/2424384?hl=en)
Floral survey
GPS-enabled photo camera
Web mapping
ArcGIS Online (http://www.arcgis.com/features/)
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Table 2. Summary of plant and soil property attributes and their descriptions as used in
the web application.
Attribute
Description
Spatial-temporal Information (GPS-enabled camera)
Latitude
Geographic coordinate (WGS84 Web Mercator)
Longitude
Geographic coordinate (WGS84 Web Mercator)
Date
Month, day, and year the flowering observation was made
Plant Species Information (USDA PLANTS)
Common name
The national common name of the plant species
Scientific name
The recognized genus and species identification of the plant
species
Family name
The name of the plant family for the respective plant species
Group
Taxonomic category of the respective plant species
Duration
Description of the plant species’ life cycle
Growth habit
Growth form of the respective plant species
USDA PLANTS Web-link to the species’ plants profile page
Weather Data (NOAA)
MNTM (°C)
Monthly mean temperature
MMXT (°C)
Monthly mean maximum temperature
MMNT (°C)
Monthly mean minimum temperature
TPCP (cm)
Total monthly precipitation
DP01
Number of days in month with greater than or equal to 0.1 inch
of precipitation
DP05
Number of days in month with greater than or equal to 0.5 inch
of precipitation
DP10
Number of days in month with greater than or equal to 1.0 inch
of precipitation
Soil Properties (SSURGO)
musym
The symbol used to uniquely identify the soil mapunit in the
soil survey
muname
Correlated name of the mapunit
slopegraddcp
The slope gradient of the dominant component of the mapunit
based on composition percentage of each mapunit component
aws025wta
The volume of water that the soil, to a depth of 25 centimeters,
can store that is available to plants
drclassdcd
The dominant drainage class for the mapunit, based on
composition percentage of each mapunit component
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Figure 1. Conceptual diagram of the data acquisition and processing used in the present
study. Directional arrows indicate workflows that can be used to build and edit the
geodatabase.
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Figure 2. Screen capture of a database in Google Sheets. Plant photos are displayed via URL.
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Figure 3. ArcGIS Online display of surveys for March, April and May (2014) with soil map unit polygons.
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Fig. 4. An example of a pop-up window with plant, soil and weather attributes in ArcGIS
Online.
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Fig. 5. Time settings in ArcGIS Online for displaying plant data at one-month time
intervals.
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Fig. 6. Heat map view of aggregated March, April and May 2014 plant data in ArcGIS Online.
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CHAPTER FOUR
DEVELOPING AND EVALUATING AN ESRI STORY MAP FOR TEACHING
SOIL FORMING FACTORS: TOPOGRAPHY

This chapter is based on:
Cope, M.P., Mikhailova, E.A., Post, C.J., Schlautman, M.A., and Carbajales-Dale. 2018.
Developing and evaluating an ESRI Story Map as an educational tool. Submitted to
Computers and Education.
Abstract
Environmental Systems Research Institute (ESRI) Story Maps are web applications based
on maps and other multimedia which can be effectively used in soil science education.
The purpose of this study was to develop an ESRI Story Map “Soil Forming Factors:
Topography” for teaching in introductory soil science courses and to assess the
performance of the newly-developed story map using ESRI’s “five principles of effective
storytelling” and user responses to a quiz testing the acquired knowledge. Specific
learning objectives were stated on each “story map page” as well as throughout the
learning materials. Navigation of each “story map page” is controlled by the participant
via tabs to allow the user to control the pace of the learning experience. Participants
received an average score of 8.2 (out of 9 maximum points) for the quiz. The ESRI Story
Map scored well for each principle of the ESRI’s “five principles of effective
storytelling” with more than 70% of responses having “excellent” rating. Additional
comments suggest that participants were positive about the ESRI Story Map as a standalone teaching tool or in combination with power point slides. The ESRI Story Map “Soil
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Forming Factors: Topography” can be further improved by incorporating interactive
exercises.
Keywords: Geospatial cloud computing; Story telling; Narrative-based learning; Geovisualization; Web-mapping
Introduction

Story maps are web applications that enable scientists, educators and others to
enhance interactive maps with text, figures and multimedia content. Recent trends and
research have highlighted the potential utility of story maps in science communication for
non-expert audiences (Patterson and Bickel, 2016), adapting new technologies in the
classroom (Hong, 2014), and engaging citizens with community issues (Santo et al.,
2010). A story map is a widely accessible ‘vehicle’ where learners are benefitted by
having access to interactive real-world models and data, which is a key component of
online learning (Ally, 2004). The compactness of story maps is particularly appealing, as
they are effective for communicating and visualizing complicated ideas and large
amounts of information in an organized, user-friendly interface targeted to the specific
audience or lesson. Teaching with story maps could enhance geo-literacy, or spatial
thinking, which is expected to be a pathway to success in many science, technology,
engineering, and math careers in the 21st Century workforce (Kerski, 2015; National
Research Council, 2005).
The Environmental Systems Research Institute (ESRI), through their cloud-based
platform ArcGIS Online, have made it possible for users of geographic information
systems (GIS) to easily create and publish story maps for many environmental purposes
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and audiences. For example, the Global Forest Watch (2017) organization documents the
trend and global distribution of forest loss, the causes of forest loss, and the potential
impact forest loss has on wildlife and climate. The United States Forest Service (2017)
published a story map detailing the purpose, scope, and results of the 2015 forest
inventory in Utah. In the example most relevant to the current research, Fraczek (2017)
published an ESRI Story map that provides a captivating geology lesson titled ‘Motion of
Tectonic Plates.’ As one example of the novelty of this and other story map applications,
the map illustrates the process of tectonic subduction using an interactive map of the San
Andreas Fault. It is unclear the extent to which ESRI Story Maps are being used for
teaching in educational institutions, and their effectiveness for delivering course material
has not been evaluated by students.
As with any new technology, there are advantages and disadvantages. The
biggest advantages of ESRI Story Maps are that they are interactive, collaborative and
cloud-based, making them available over an internet connection without the need to
download software. Story Maps can also be accessed on desktop, laptop, tablet or smart
phone devices. This allows Story Maps to reach a large audience or be utilized by many
educators and institutions. The creation process is user-friendly and requires no coding.
Story Maps are most often freely accessible for the user. The disadvantages of Story
Maps are that they rely on the availability of internet access, and the scientific peer
review process is not yet fully developed to ensure the educational quality of Story Map
content. An internet search of authors or authoring institutions will show that published
Story Maps are likely associated with reputable organizations or agencies that may
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require at least an internal review before publishing. However, there is no requirement of
external peer review to publish a Story Map that may end up being used for educational
purposes.

ESRI (2017) describes five principles for effective use of Story Maps (Table 1).
The first principle concerns matching content of the Story Map with the intended
audience. The second principle suggests informing the user of the rationale of location(s)
in the Story Map at the beginning of the presentation, and saving any links that would
lead the user to navigate away from the Story Map until the end of the presentation. The
third principle requires considering the best format (e.g. scrolling or tabbed webpage) for
the story being told. The fourth principle suggests tips for making interactive maps clear,
concise and visually intuitive. Finally, the fifth principle advises Story Map authors to
strive for simplicity by reducing text and making maps more intelligible through an
iterative review process before publishing.
The objectives of this study were to 1) develop an ESRI story map for teaching
Soil Forming Factors: Topography; 2) assess the effectiveness of the newly-developed
ESRI story map using participant responses to a quiz; and 3) assess the quality of the
newly developed ESRI story map using the developed assessment framework.
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Materials and Methods
Development and assessment of the ESRI Story Map “Soil Forming Factors:
Topography”

The objective of this Story Map was to introduce students to topography as one of
the five soil forming factors. Elevation, slope, aspect, and landscape position are interrelated elements of topography as a soil forming factor that have traditionally been taught
using topographic maps or instruments in the field. In the Story Map, students were
introduced to these elements via interactive web maps. Sources of the data for the ESRI
Story Maps “Soil Forming Factors: Topography” are listed in Table 2. Conceptual
diagram of the ESRI Story Map development is depicted in Fig. 1. For elevation, a three
meter digital elevation model (DEM) was retrieved from SCDNR
(ftp://ftpdata.dnr.sc.gov/gisdata/elev/DEM/). The DEM was then used to create slope (%
rise) and aspect (degrees clockwise) map layers. Slope values were binned and
categorized into five classes based on USDA slope classes. Aspect values were binned
and categorized into eight traditional classes (e.g., northeast). A shapefile of contour
lines was also derived from the DEM. The DEM, slope and aspect map layers were
uploaded to ArcGIS Online as Tile Packages and published separately as Tile Layers. A
Tile Package is a simplified version of a raster map layer that enables rapid rendering,
panning and zooming in the web map interface. Publishing raster data to ArcGIS Online
as an Image Service can provide more control over layer configuration, but requires a
connection to a client-side server where the data is hosted. The contour line map layer
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was published to ArcGIS Online as a feature service. Each map layer was configured to
the desired presentation format and published in separate web maps for each learning
objective. A shapefile of points was created to mark locations with different landscape
positions. These points were published in a three-dimensional Web Scene to provide a
more visually intuitive illustration of landscape position as a soil forming factor.

Testing
The ESRI Story Maps that were developed were tested in the course Soil
Information Systems (FNR 2040), which is a 4-credit hour course in the Department of
Forestry and Environmental Conservation at Clemson University, Clemson SC (Clemson
University, 2016-2017). FNR 2040 is an introductory soil science course that focuses on
the input, analysis, and output of soil information utilizing Graphical Information
Technologies (Global Positioning Systems, Geographic Information Systems,
direct/remote sensing) and soil data systems (soil surveys, laboratory data, and soil data
storage) (http://gis.clemson.edu/elena/SoilsandEnvironment3.htm). The Soil Information
Systems course is a required course for students pursuing majors in forestry (FOR),
wildlife and fisheries biology (WFB) and environmental and natural resources (ENR).
General information about the course and the students in the Fall 2017 revealed that there
were 14 sophomores, 30 juniors, and 14 senior students from FOR, ENR, and WFB
majors (Table 3). All students had laptops and cell phones (Table 3). Only half of the
students had familiarity with Geographic Information Systems (GIS), while most of them
(96%) did not have any previous experience with ESRI Story Maps (Table 3).
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Specifically, only 2 students out of the 58 participants indicated that they had had
experience with ESRI Story Maps in GIS and Creative Inquiry courses. Students were
provided with a consent form and instructions for the laboratory exercise (Fig. 3).
Objectives and tasks for each page of the ESRI Story Map “Soil Forming Factors:
Topography” are provided in Table 4. Students were asked to test the story map using
stationary computer, laptop and cell phones and compare their experience. The quiz
(Table 5) and assessment (Table 1) were performed only on the stationary computers
(Dell) provided by Clemson University to standardize testing and assessment.

Results and Discussion

Evaluation
The purpose of the ESRI Story Map that was developed and assessed in this study
was to give participants a better understanding of topography as a soil forming factor and
to evaluate the effectiveness of the story map as a teaching tool. Quizzes were designed
to assess the participants’ retention of the materials presented in the story map and the
average quiz score was 8.2 (out of maximum of 9) (Table 5). Analysis of correct
responses for each of the quiz questions revealed that students had the lowest percentage
(67%) of correct responses to question number 4 (Which digital elevation model (DEM)
cell size represents the highest resolution?), while the rest of the questions had
percentages of correct responses higher than 88% (Table 5).
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Responses to an assessment based on the ESRI “five principles of effective story
telling” (ESRI, 2017) revealed that most students rated the story map for each of the five
principles as “excellent” especially “user experience” which received 84% of “excellent”
ratings (Table 6). Students’ responses to additional survey questions revealed that student
rated ESRI Story Map higher (4.53 + 0.54) that power point slides (3.97 + 0.79) on the
same topic (Table 7). The students preferred ESRI Story Map as a stand-alone tool or in
combination with the power point slides (Table 7). Students preferred to view the ESRI
Story Map on their laptops (Table 7).
At the end of the story map assessment, participants were asked to provide
additional written comments regarding their experience with the story map. Overall,
additional comments were positive. Positive comments praised the visual appeal and
interactivity and included statements such as, “Great visuals that are clear and easy to
understand and read” and “I really liked the interactive map” (Table 8). Critical
comments were focused on the amount of explanation and how it was presented, for
example, “Some of the tabs had almost too much information on them,” and “Paragraphs
are harder to concentrate on” (Table 8).

Potential of ESRI Story Maps for soil science education
Traditional tools and techniques for teaching soil science have advantages and
disadvantages. Text books and lectures offer large volumes of information with useful
pictures, conceptual illustrations, and tables (Hartemink and Bockheim, 2013). The
volume of information can also be considered a disadvantage of text books, however, as
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the information can be difficult to navigate or excessive for some courses and learning
objectives (McFall, 2005). Field trips are a staple of soil science education. Visiting or
digging multiple soil pits on a field trip offers immersion in the landscape, physical
exercise, and collegiality in a group learning experience (Hartemink et al., 2014). Yet the
primary concerns associated with field trips are expenses, time, and student and instructor
safety. Field trips are also geographically limited since there is a logistical limit on how
many sites and soils that can be visited (Ramasundaram et al., 2005). Laboratory
exercises in soil science provide beneficial sensory immersion (e.g. seeing, touching, and
smelling soils) (Hartemink et al., 2014), but this may also be limited by time and
expenses associated with collecting and storing soil samples. Paper or digital maps have
long provided visual aide for soil science education, but these have traditionally been
static maps that are often difficult to read and interpret. Pictures are widely used by
educators and professionals in soil science (Hartemink et al., 2014; Soil Survey Staff,
2015). Videos for soil science education are also now available over the internet (e.g.
Ogg, 2013), but difficulties remain in acquiring or developing multimedia material
relevant to specific learning objectives. Narrative based learning helps students engage
in and understand soil science by linking learning objectives to a narrative (e.g. cultural
or geologic history) (Hayhoe et al., 2015; Dahlstrom, 2014). However, developing
relevant and effective narratives for the interdisciplinary field of soil science remains
challenging.
Teaching soil science with ESRI Story Maps also comes with advantages and
disadvantages. Perhaps the primary advantage is that ESRI Story Maps can easily
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integrate some traditional soil teaching tools and techniques such as multimedia, maps,
and narrative-based learning. Interactive maps and exercises, like those in an ESRI Story
Map, are engaging and encourage self-guided exploration of real world data and models,
potentially at the global scale (Ramasundaram et al., 2005). There is also the opportunity
for global access to ESRI Story Maps over the internet. The cloud-GIS infrastructure and
Web AppBuilder within ArcGIS Online make ESRI Story Maps easy to develop for
targeted learning objectives. User content sharing within ArcGIS Online can allow
educators to utilize publicly available web-maps from other users in ESRI Story Maps.
There are also numerous online, open-source support material (e.g. blogs or videos) for
self-help in developing ESRI Story Maps. ESRI Story Maps are also usable on desktop,
laptop, tablet, and smart phone devices. The primary disadvantages of using ESRI Story
Maps for soil science education are expenses for license, data storage, server space, and
credits for spatial analysis, though many of the capabilities and data can be accessed and
used with a free license (Battersby and Remington, 2013). Educators may also require
custom spatial data that are not available through ArcGIS Online or community of users,
meaning there may be time and financial costs associated with collecting field data for
use in ESRI Story Maps. In conclusion, ESRI Story Maps cannot replace text books,
field trips, or laboratory exercises, but they can host several traditional soil science
teaching techniques. ESRI Story Maps also offer the added advantages of interactivity,
global access, use on multiple devices, and ease of development.
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Conclusions

The objectives of this study were to 1) develop an ESRI story map for teaching
Soil Forming Factors: Topography; 2) assess the effectiveness of the newly-developed
ESRI story map using participant responses to a quiz; and 3) assess the quality of the
newly developed ESRI story map using the developed assessment framework. Student
accessed the ESRI Story Map on the internet, and then self-navigated through the
teaching module on desktop and laptop computers, and smart phones. Student evaluation
of the ESRI Story Map were positive, and broadly indicated that students prefer the ESRI
Story Map as either a stand-alone teaching module or as supplement to PowerPoint
slides. Teaching soil science with ESRI Story Maps also comes with advantages and
disadvantages. ESRI Story Maps cannot replace text books, field trips, or laboratory
exercises, but they can host several traditional soil science teaching techniques. ESRI
Story Maps also offer the added advantages of interactivity, global access, use on
multiple devices, and ease of development. Teaching with ESRI Story Maps has
enormous potential for education in soil science and other environmental disciplines.
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Table 1. The five principles of effective storytelling using ESRI Story Maps (ESRI,
2017).
Principle
Rating: 1
Rating: 3
Rating: 5
(poor)
(average)
(excellent)
Audience
suitability
Assessment question: How would you rate the ability of the story map to help you
understand the subject matter?
Appeal
Assessment question: How would you rate your satisfaction with the story map?
User experience
Assessment question: How would you rate the combination of explanation and maps
together?
Easy-to-read maps
Assessment question: How would you rate readability of the maps and legends?
Simplicity of the
story
Assessment question: How would you rate the clarity of the story?
Comments
Assessment question: Please provide additional comments about your experience using
the story map.
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Table 2. List of sources for the story pages by title from the ESRI Story Map “Soil Forming Factors: Topography.”
Story Page by Title
Data Layer/Description
Source
Resolution/scale
Topography
World topographic map
ESRI
1:4k
LiDAR DEM
Gridded elevation
SCDNR
3 meters
Slope
Gridded slope (% rise)
LiDAR DEM
3 meters
Aspect
Gridded slope direction
LiDAR DEM
3 meters
(degrees clockwise)
Slope position
Contour lines
LiDAR DEM
1.21 meters
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Table 3. General information about course and previous experience with ESRI Story Maps (n=58).
Survey question
Responses
Student year
Major
Do you have a laptop computer?
Do you have a cell phone?
Are you familiar with Geographic Information Systems (GIS)
Do you have any previous experience with ESRI Story Maps?
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Sophomore (14)
FOR (19)
Yes (58)
Yes (58)
Yes (31)
Yes (2)

Junior (30)
ENR (16)
No (0)
No (0)
No (27)
No (56)

Senior (14)
WFB (23)

Table 4. Summary of objectives and tasks for each story page by title from the ESRI
Story Map “Soil Forming Factors: Topography.”
Objectives and tasks for a story page

Page 1. Topography
Objective: To learn about topography as a soil forming factor and how it is used.
Tasks: Complete study of a story page (Effectiveness is assessed by final quiz and
assessment at the end of the whole story).
Page 2. LiDAR DEM
Objective: To learn about the LiDAR DEM and the accuracy of the data.
Tasks: Complete study of a story page (Effectiveness is assessed by final quiz and
assessment at the end of the whole story).
Page 3. Slope
Objective: To learn about slope and its measurement including slope classes.
Tasks: Complete study of a story page (Effectiveness is assessed by final quiz and
assessment at the end of the whole story).
Page 4. Aspect
Objective: To learn about aspect and how it is being used as a soil forming factor.
Tasks: Complete study of a story page (Effectiveness is assessed by final quiz and
assessment at the end of the whole story).
Page 5. Slope Position
Objective: To learn about slope position and how it is being used as a soil forming
factor.
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Tasks: Complete study of a story page (Effectiveness is assessed by final quiz and
assessment at the end of the whole story).

78

Table 5. Quiz questions and responses (n=58) for ESRI Story Map “Soil Forming
Factors: Topography.”
No.

Question

Answers

Correct
responses
(%)
98

1.

Topography
represents:

A. Climate and parent material
B. Earth’s surface shape and
features
C. Time
D. Biota

2.

Contour lines are lines
that connect points of
the same elevation.

A. True
B. False

88

3.

What does the LiDAR
acronym stand for?

A.
B.
C.
D.

Light Detection And Ranging
Light Deflection And Radar
List of Data and Raster
None of the above

91

4.

Which digital
elevation model
(DEM) cell size
represents the highest
resolution?

A.
B.
C.
D.

10 meter cell size
3 meter cell size
25 meter cell size
None of the above

67

5.

Slope is traditionally
measured as:

A.
B.
C.
D.

Percent rise
Flatness
Aspect
None of the above

97

6.

Aspect is:

A.
B.
C.
D.

The inverse of a slope
The direction that a slope faces
Always south
All of the above

98

7.

Aspect values range
from 0 to 360 degrees
clockwise.

A. True
B. False

90

8.

What is the definition
of site position?

A. Aspect
B. Erosion
C. Landscape position

95
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D. None of the above
9.

Which site position is
most likely to be
flooded during a rain
storm?

A.
B.
C.
D.

Upland
Footslope
Flood plain
None of the above

Average (+ standard deviation) score for all questions: 8.2 + 1.0
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97

Table 6. Students’ responses to assessment questions about ESRI Story Map “Soil
Forming Factors: Topography” (Fall 2017; total number of participants = 58) based on
the five principles of effective storytelling (ESRI, 2017).
Responses (%)
Rating: 1
(poor)
0

Rating: 3
(average)
29

Rating: 5
(excellent)
71

Appeal

0

19

81

User experience

0

16

84

Easy-to-read maps
Simplicity of the story

0

22

78

0

28

72

Principle
Audience suitability

81

Table 7. Students’ responses to additional survey questions (n=58).
Survey question

Responses

How would you rate lecture power point slides on
soil forming factors (topography)?
(1=poor, 3=average, 5=excellent)

3.97 + 0.79

How would you rate the ESRI Story Map on soil
forming factors (topography)?
(1=poor, 3=average, 5=excellent)

4.53 + 0.54

Which learning methods to you prefer?

Power point (10)

Story Map (26) Both (22)

None (0)

Which viewing device did you prefer for the ESRI
Story Map?

Stationary
computer (20)

Laptop (38)

Cellphone
(0)
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Mobile
device (0)

Table 8. Students’ responses to the request for additional comments about
ESRI Story Map “Soil Forming Factors: Topography.”
Additional Comments
1.
2.
3.
4.
5.

6.

7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.

18.
19.

The map helped me because it is a visual and hands on learning experience.
Great visuals that are clear and easy to understand and read!
I think it has a lot of potential to help visual learners.
I really liked the interactive map.
I really don't like the idea of having to look at my computer more than I already
have to. I like being able to print out PowerPoint slides, and being able to write
on them with a pen or pencil. I guess it just bothers me that learning about the
outdoors is so technological now and not more tangible.
This is a great beginner understanding of the information. The only thing I
would prefer would be to have a little more information in the reading for the
material. I took the GIS class and know there is slightly more information that
could be provided to give a slightly better understanding.
Some terms needed to be defined in clearer language if the target is someone
with little experience in soils or GIS.
Some of the tabs had almost too much information on them.
This would be a great way for students to learn, and it makes things a lot easier.
I would like to have more descriptions in the side bar.
It was great.
Could have been more interactive.
I really enjoyed this over a powerpoint.
I like being able to zoom in and look around.
Paragraphs are harder to concentrate on.
It was great being able to move around the maps.
This seems like a good interactive way to introduce definitions and concepts to
students who may struggle with powerpoints and other conventional learning
methods.
The maps with the information present were aesthetically pleasing. I also liked
that you could play with the maps and become more comfortable with them.
I found it very useful. However, some of the interactive maps were difficult to
use/navigate.
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Figure 1. Conceptual diagram of the ESRI Story Map development.
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Figure 2. Content of the ESRI Story Map “Soil Forming Factors: Topography.”
https://arcg.is/14iaqa
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Figure 3. Instructions for the laboratory exercise.
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CHAPTER FIVE

CONCLUSION

This research demonstrates the use of Cloud-based geospatial technologies for
investigating the impact of extreme weather on flowering phenology, web-based data
management and knowledge discovery of spatial-temporal flowering patterns, and for
developing an interactive teaching and evaluation module for soil science education.
Chapter two investigated inter-annual shifts in flowering time using a spatialtemporal inventory of flowering observations captured using a GPS-enabled digital
camera from January, 2012 to December, 2014. Cloud-based photo storage websites
with geospatial services were used to annotate photos and transform species and spatialtemporal metadata into spreadsheet format. Extreme high monthly temperature was
observed in March, 2012, and extreme high monthly total precipitation was observed in
July and August, 2013. Statistical analysis of inter-annual flowering time revealed that
six spring flowering plant species shifted towards an earlier flowering date during and
after extreme high monthly temperature in March, 2012 when compared to 2013 and
2014. Statistical analysis of inter-annual flowering time also revealed that nine summer
flowering plant species shifted towards later flowering during and after extreme high
monthly total precipitation in July and August of 2013 when compared to 2012 and 2014.
The use of Cloud-based photo storage websites with geospatial services was an effective
approach for storing, labelling, and organizing species and spatial-temporal metadata
from thousands of plant flowering photos. This research demonstrated important
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methods for plant and phenological monitoring, and statistical analysis produced results
that have important implications for phenology in agro-ecosystems of the Southeast US
region.
Chapter three demonstrated a workflow for rapid Cloud-based knowledge
discovery of spatial-temporal flowering phenology. Readily-available, low-cost
technology and open-source Cloud-based geospatial technologies were used to develop
an interactive ArcGIS Online map of flowering observations and soils data at Lake
Issaqueena, SC. Users can explore the ArcGIS Online map by panning, zooming,
filtering map content attributes, and viewing plant, weather, and site information in popup windows. Users can view spatial patterns of flowering phenology using the ArcGIS
Online map’s heat map view, and these patterns can be viewed in a time-lapse animation
in user-selected time intervals. The ArcGIS Online map can be viewed on computers,
smart phone, or tablet devices. The Cloud-based workflow developed in this study can
potentially be utilized for numerous species monitoring programs, information sharing
and knowledge discovery, and collaboration across scientific disciplines.
All Cloud-based technologies, including and especially those with geospatial
services or GIS software, are constantly evolving. Some methods and services used in
this research are already obsolete because new innovations have streamlined services.
For example, a GPS-enabled camera is no longer necessary for collecting digital
photographs of plant flowering observations with spatial-temporal metadata. This can
now be accomplished more efficiently using a smart phone or tablet device, and the data
can be sent directly into a geodatabase for real-time mapping in ArcGIS Online. Users
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with expert identification skills could develop pre-defined drop down menus for labelling
photos with species identification and attributes as soon as a photo is taken. This expands
opportunity for collecting new flowering phenology databases using citizen-science or
crowdsourcing. Volume of data may increase to a point where species identification
from citizen-science or crowdsourced observations is inefficient. In this case, machine
learning algorithms have recently shown promise for rapidly identifying flowers in digital
photographs (Seeland et al., 2017), and this now may also be feasible using open-source
software in the Cloud (Fussel, 2018).
Despite the rapid advancement of technology, this research has great potential for
phenology in natural and agricultural ecosystems. Many researchers, botanical gardens,
or observation networks collect information on flowering phenology. This information is
then used for numerous purposes, such as forecasting the intensity of pollen and allergens
(Tormo et al., 2011), insect and animal migration (Doi et al., 2008; McGrath et al., 2009),
or bloom dates of commercial crops. Users of phenological information could benefit
from having access to data for more species at higher spatial and temporal resolutions
(Ide and Oguma, 2010). Methods and workflows demonstrated in this research using
Cloud-based geospatial technologies can link information users with observers, thus
expediting the flow of phenological information from observation to knowledge
discovery and forecasting.
Chapter four describes the development and evaluation of a Cloud-based ESRI
Story Map for teaching Soil Forming Factors: Topography in undergraduate soil science
courses. Students self-navigated through the ESRI Story Map over the internet on
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desktop, laptop, and smart phones. Results from student evaluation of the ESRI Story
Map suggest that ESRI Story Maps have enormous potential for soil science education.
Students preferred the ESRI Story Map as either a stand-alone teaching module, or as a
supplement to traditional teaching material such as PowerPoint slides. The study
demonstrates the potential of Cloud-based geospatial technologies for developing
interactive, open-access teaching modules in environmental education.
The use of ESRI Story Maps for environmental education is very different than
GIS education in environmental disciplines. Much of GIS education in undergraduate
and graduate environmental courses is focused on the how-to of using GIS software and
data (Kerski, 2015). This is important, but some researchers worry that this may only be
teaching “point-and-click” methods that do not necessarily lead to improved problem
solving and decision making skills within one’s field of employment or research (Marsh
at al., 2007; Kerski, 2015). Perhaps the biggest challenge is that educators may not have
access to software or data for subject-specific GIS projects. Alternatively, an educator
may not even wish to teach about GIS technology, but may only wish to illustrate
complex spatial concepts or data. Teaching with ESRI Story Maps is better suited for
fostering critical and spatial thinking because the technical how-to of using GIS is
completed by experts and educators. Students interact with the final product of GIS
work, allowing them to spend their time learning about the topic at hand rather than
struggling with less important technical details of using GIS software. Global access to
ESRI Story Maps allows for content sharing over the internet, potentially helping to fill
gaps in access to educational material for certain disciplines. Moving forward, more
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research is needed to develop and organize ESRI Story Maps for specific educational
purposes in environmental education.
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